Alloy 718 has been utilized
Alloy
718 has been utilized in gas turbine engines for almost 30 years because of its extremely good mechanical properties."30ver the years the property levels attained with the alloy have been increased by altering the thermomechanical history as discussed by LoriaP The chemical composition range for the alloy has remained relatively stable over the years, although there has been a tightening of the columbium range along with tighter control of minor elements such as magnesium and sulfur. Recently there has been interest in the stabilizing of Y" by adjustments of aluminum, titanium, and columbium.
Introduction
As Alloy 718 has been upgraded, the influence of thermomechanical processing has become even more important, and as the schematic shown in Table I indicates, each step is important and the effects are cumulative. The yield strength data from samples in the as forged state is plotted in Figure 2 along with the data from Figure 1 . It can be seen that the same regression equation holds, and that grain size is again controlling the strength in the as forged state. Similar data for some of the forgings of Figure 2 after direct aging to precipitate Y" is shown in Figure 3 . A straight trend line has been drawn through some of the data, but it can be seen that with fine grain, the yield strength is below the line and there is much scatter in the results.
In general, this data shows that the contribution of Y" to the strength is about 750 MPa, but with fine grain size the contribution can decrease. This is due to the precipitation of 6 which consumes part of the columbium that could participate in the Y' reaction. Quantitative extraction of the 6 phase allows one to develop the regression equation shown in Figure 3 which takes into consideration this precipitation. Engine builders are now concerned as much with the scatter in mechanical properties as they are in meeting the minimum mechanical property requirement.
They tend to design to average property values minus two sigma or minus three sigma to be conservative with their design. The consequence of this is that the part manufacturer must be as concerned with the reproducibility of properties as well as just meeting the specification minimum.
As an example of what this can mean to the forger, Table II The macro chemistries of the above two forgings are shown in Table III along with the generally accepted specification minimum and maximums for the elements shown.
It can be seen that the elements are all well within the specification, and the "hardeners" are almost identical. The major differences are in the nickel, iron, and chromium contents. The balance of this paper will discuss the effects of these differences. Six such analyses from a 200 area study are shown in Table IV .
This type of data can be analyzed in several ways to study the effect of casting parameters, base chemistry, and thermomechanical processing.
One method of data analysis is to look at the statistical distribution of each element shown in Table IV and see how they are affected  by  processing and chemistry changes. The mean value, standard dev,iation, and minimum and maximum values for each element are listed in Table V . As can be seen, the elements vary quite drastically in the cast structure. Of particular note is the large standard deviation for columbium. Table IV .
Alloy 718.
Ti
The development of TTT diagrams, one of which is shown in Eiselstein's paper, then allows the construction of pseudo ternary phase diagram isotherms such as shown in Figure 8 to picture the effect of the various elements on the phases seen in Alloy 718.
As the years have progressed people have raised the nickel aim points, and as can be seen from the pseudo ternary, this can have the effect of moving from a three phase field into a two phase field, particularly if segregation is present. It can also effect the thermomechanical processing temperature on 6 precipitation and grain size. Over the years extensive work has been done on remelt parameters, homogenization, and billet processing to reduce the amount of segregation in the alloy. Segregation analysis done on typical present day fine grained billet in the same manner as for the cast structure of Table V is  shown in Table VII .
The statistical analysis of the variation of columbium is particularly impressive when compared to the cast structure value of Table IV . The partial correlation coefficient matrix in Table VIII shows almost random variation of all elements with one another. In effect a very homogeneous billet has been produced. The most interesting observation to me is that these relationships are still being explored after the alloy has been in production for thirty years.
It appears we will never understand all these relations.
